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■ ' Mine, ■ dawge causa*!?* *» <*«1»" 
SO '; ni ao fe.*tb. - ' . - ■ 

^i^f p.-ei-inHrm nf flna Friar ftrt - 

from Eilra axe estimstBd . by Beaming -«■ <*, ^ iMB 

' t «\ha mi> «- !*•** *»; «f *— °~ 

.orraeponainS .te.fcha unfadad image.- .08 5,796.B7* also 

. Bh „. 4 p<«m«>M «*Y aadxeaa tfw gawral aoneapi: o* 
is demoting the i«.aga for tailing oi tha til*. " 

However, viaual oeSeota in cinematograph til* 
... ocl* *» to MM w** ««» «*-• — «*" 


• -. ,- ' ,.- 2 - . .. .. ;.„•.-" • 

and Aire - such defect*. uhli*e *U* ^ ' 
uniform acroe* each trams' of film 'w* w * 
corrected in a" different manner.. - ' ' 

- . scratches in cinematographic, film are usually 
c W «^ hard particulate ^J^Si 

S embedded in tMW-i*«*f«* J"***™' °f W 4t 
between layer* ot fcne.fi.lm. Thus, the aoratohee are 

S in f ^ cti -' VhiCh iR f 1 bUt 

* am ll number of 'fffni^.'lm Jw* *^- 
p^ee^d* to * l^*udin*l di^ioh -with reject to 
the film ^- a ^^r«^ owr. ^m«ly 
-black' or -whiter If. emuleion U ^mpved 
from ^tive £U™.m*t«i al , ^ .fc.^tc*w suiting 

XS Milm'ii nM) few V positive material. the 
overall result when viewed'- on a projection -screen will - 
. white. This is because native film le. never 
■^d'-a eucb, &yt oontaot printed into positive 
Lterial for viewing. /in the ' cl**e of colour film, the 
^material wUi ^ ^/^^« " 
or all of thee* layer* caa be 'scratched'.. Scratches 
normally extend ever a number of film 

• Defects also appear on film from dxrt which has 
built up on the ^ilm eurf,«e. It ie ******* 
€ -a T n.meterUl-WiU 4irt;„p-^^«.^**^ *w are 
tfttU there a*e many .film .cleaning tacbniwa, -th£ are 
never ^r*«f. an* dirt w alwoy* P^nt tP -^ degree 

or another in old mm "^^iiJ/SSlTS. 
eirt defect will be present on only one film _frame. The 
• defect may be a -white.":' defeat or a -W**' defect. 

•fl].TTWntrv n * r *» TTitrwirlpn 

' " According to an invention dieclceed herein, tlwr. 
is provided a method of scanning frame* of . 


■ 3 - 

cir*m*tW«Phic film to gen^efc* di^it^l VflrtfcMrof 
pixels oonatituting iroftgeq oo-tlie f ilw .fammejB, whefcein . . 
pixels corresponding- to ^^.'-95 the filler* 
identified and the yaliaea of . such, pixels we adjusted to 
5 compensate for the defects, the identifioatipn of the. 
-"pixels norresponding to. defects cm 5 he film being 
carried out toy. identifying pixels whose value is beyond 
* psadetermiiieeL thrsaboldv 

ihue a maximum and; / . 0? miniTOuin. threshold Value may" 

10 ¥e set, For example, if the range *9fr valued -for pixels 
i*. Q' to aSS representi^ .Ft*r* felaofc /to purfc white, than 
an upper thre»ho!4 ^uld fee 24S bo identify *wfcite u - 
defect* and a iow«r'fchrasbold could tea. iD to identify 
*blacJc M defects. 

15 ' ' flucb thresholds iwy always" be sufficient- fc© 

diatingi4sh defe^ Furthermore , 

it is desirable tp,diatin^iehbofew£en deffecto whioh are 
scratches and defects which are dirt because it is 
desirable to correop them in dif ferent ways, 
- %q one way of , determining whether a pixel wfcoee ' vaiue 

is beyond a threshold, is part of a scratch* is. to . 
determine wfeather^haya ^a/Qthar pixels haviw $ value 
beyond, the thresh© Jd which are generally 'aliped- with 
that pixel ix\ the 4ireci:ioh of, f ii&i transport - 15 one 

35 * envisages a oolurrm a few pixel© ^£ae qn.a film frame, 
extending in tba direction of film transport, * 
longitudinal series of pixel© in this oolwnn which are 
beyond the thy© ahold is indicative that there is a 
scratch* *. eorateh oorr potion teehni*jue then be 

30 used, - . \ 

Q&e way of determining whether a pixel whose value 
im beyond a threshold- in „part of & dirt defeqt* ia to 
determine whether the corresponding pixel in a preceding 
or subsequent frame' i a. also beyond tho threshold, Dirt 

35 defects are : usually restricted to a single frame, and if 
. u-b$ ' aprreepond***? pixel 033 adjacent fratnoa ia not beyond 
she zixresbold then a di;rfc . def e&t i* indicated and a 
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eorr.cttOB t.o»»i*» °f ^^l."^.^ 

r»^*1x ina* ^ *;"V»d the 

.1,.. ui.u trow g«wrine . picture content. 

* . "".^ - ****** *' ™ y - ba °H 

!l™*ol4 1« <*« «9S»*»l»**i'a^*'!» i v * 5 - B " ?B - 

SS-^S^— *• ■ »» • theB tlw * i,MV ** " - . 

ana pwrpioH***** -Vj^tifv one or more pixsle 

a preliminary manual ntw tP- M**«V one « * a 

t/t- scratch. An operator coul4 ^ W 1 ^*!^ of 
' ,., „' um than b B used io identify Etta 

^srs^-s^s. xo tbB » 

operator diace«M-th»S there we rel.tvwiy tew 
• ot proceedHw. « there "»« WW m»«>^p*i?»» "»* 

pSu adjacent the d Bt «=t,.I* »*» •*. • <«•*«*' 
!h.s. v»uld be sh. v«lu« of pixel.. "i«»r 
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identified pixel ie replaced is sbtsined by 
interpolation along the lateral . line of tj» iinage" in 
vtoioh-tbe pixel to be replaced ia located, $n the case 
of * dirt defect, inte^olatlbn £puld be done in a 
5 similar manner, using -pixels t in.^y chQ^n direction 
adjacent the defect. However, preferably correction of 
pixels in -dirt defects is carried out by interpolation 
using ths values of /the corresponding pixel in the 
. prQcoaing end subsequent, frame, Thie As because dirt 
■'. xq .'. defect e are usually ysi&trietad tfo a e^nst^e £r«w. 

. ^further characters,*^ is that 

'theV .-roay Hot hAve aa sharp- edsaa'ae- ©cratch : daSeots » It 
insy therefore be necessary to identify: pixels 
surrounding the pixel or pixala beyond "the threshold, 
15 which are not themselves beyond the tbre ahold but 

represent the "garey" edge of the $irt- defect, These 
. would than alao be corrected # 

. When, serafccfi-^orreotion : ia^ to be, carri^4 out using 
interpolation f^om tfte values \g£ pixels either aide of 
ac tjw ecs-atcn, a problem ie chat there is /an increased 

chance of tbe correction being visible if thfc /scratch is 
greater than a certain width- The result- may not be as 
objectionable as a, scratch but it is undesirable* Thus 
in a preferred etrtesbdiment of the present invention a 
35 novel method of "*owt oh correction is parried out, and 
this As inventive in its owii right regardless of the 
method of ' scratch detection - 

Thus, an invention disclosed herein provides a 
method of scanning frames of cinematographic film to 
30 generate digital values of pi^asle conetAtuting/ images on 
the film frames, which pixels, corresponding to a 
\; scratch defeqc on/ a filTB frame -are identified and the 
values of such pixels are adjusted to compensate for the 
defect, wherein if the width ;qf the scratch- exceeds a 
3B predetermined number of pixels, at least one column of 
pixels from wichin the . scratch defect ia removed, image 
pixels outside the. scratch defect are moved in to 
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cpTRpeaeate <or the raiwved pixel*.- rod the remaining 
pixels within the scratch' defeat are corrected by ueing 
values interpolated from, pixels on either side at the 

•cratofc.^ witfe ciRBn , a togr*pl»ic -film is 

There are WW w^pea of -fWPKex, Commonly ^ 
tU-p i* ceueed by the beati^T >«^^ **• ^ 
i^Lr lights (Halogen **r«Ury or W)" and the 

carae » ehuttcr , Flicker may also be! produced 
variations in the film W^t.in continuous motion 
Iu» ^,,^.hee;b.en,r.aU«.4 that 

Sere *r* W*- «* ^^-« as * •« , 

a ; $Uf aren't correction mechanism,:, flicker . causes a 
variation in colour temperature,, which ***** to ** 
palaetively affects the colour balance ofthefilm 
material. This will need differential correction w 
green ana blue to restore it. camera shutter 
affects the overall 4ight level.. This can therefore be 
coated by proclaim? fit* .«* ** u * v ^** 

- tpgefcber. Fil* prooaae^g errors can qauee either light 
' - level variations, Vhlsh can be- -corrected as is ■ 

. „ roe ** butter problems, or eelour .balnea ******* *nd 
-therefore require dif f ersntial .fihif tt in each colour. In 
accordance with » further invasion disclosed herein it 
. ie possible to correct for each of these types of 

' €UC ^huf, in accordance wUi;thia invent ^n. there is 
■ provided a method ^. correcting £or flicker .in digital 
Images obtained by ecanning frames'** cinematographic 
film, comprising* b*. i*»ei*yi*w 

which flicker is present:?, identifying relatively bright 

- regions in those frames whose brightness is. above a 
pxadetermined level, and correcting digital, pixels in 

. those relatively bright regions so as to; compensate for 
the effect o* flicker- - . j . -- 

Thus if digital pi«el values range from o tbiackJ 
WJH (whs-te) t*« the threshold for relatively bright 
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T#fl 4.oa«; may ba '■ *** ai ' between ^ 90 and; 1 Q.Q » in - a 
preferred' enibodlTneat, and only ''p;ixela to thaaa regions 
will be subject to flicker ad;|uatn»anfc , 

- Flicker may be- identified, in che standard manner. 
Time, an operator" will play fei"o)«: » ««jttwee of digital 
image* obtained from eaanning the jaramei of .- 
cineffAkagsrapnic tiU end -the ^i?*** -will be-visible to 
bits "due to.- the .verifttibD. 'i«-. U S ^ 'level frames. 
The operator then' selects ^those itwgee ttypicelly 
corresponding to about one in every three or. four 
fratt>sa> whicn have »; not iceetoly lower light' level as the 
images requiring flicker correction. 

Preferably* the relatively. bright region* of a 
fr*Tn* in which flicker is pure sent "are separated into 
those containing- otejacce . which are stationary -»a regard© 
a - sequence of fran»av and- those : wbich move during the 
sequence ©f frames. The values, of pixels in regions 
representing a stationary object,: are replaced by values 
obtained by interpolation between the corresponding 
pixels in the' previous and subaaquent frame . The pixels 
in .regions riepreeBnting a moving : pbjeat are rescaled 
using -a constant darived. from thi' "yat*o at . the average 
brightness of the moving object "in the images in which 
flicker is not preaanfc to those in -which ,fliefcer is 

prasent ..... 

The present invention also -extends -to - eye* etna , 
apparatus and software for carrying, out the methods 
described above,, and : . to recorded images.. which have had 
•defects and / or flicker corrected using 'the methods 
dascribed. some aspects of the. correction of defects way 
ale© ba applicable to still photographic images. 

Brifff P fiff flr^FV'?" " f t»m» iarnw1natt . . ' 

Prefierred'ewbpdimanis of -the invention will now be 
described, by way of exawple--only, a;nd :V^h raf arenas to 

"tehe- aoawmpanying drawings in wHicfci 


• - - a - 

Figures ia to le show scratch correction of a 
digifeal according t« ona *ro$oaiment .at tha, 

invention;. - -< \\- . -\- 

Figure 2 snows a strip of c*hematograph.io «.lm with 
a substantially vertical eereteh running through several 
£rame* ofi the s 11m i. and 

Figure 3 shows schemst:ioally. *» embodiment of the. 
invention in whiah pixal* surrounding pixel* identified 
M cp^eeponding to dirt on ^vt*^ *^:.?^; treetad a* 
corresponding to di? t • sn; ' " : " 

i n B first embodiment of 'the invention, an operator 
manually enters the position o« a pi*<^ in * .scratch on 
one frame- To do this, 'th*. operator' will; have positioned 
eke Guyear on, a acratcned-;-. pixel* 
" 9?he pixel values arf -anaiyssd ;under the- assumption 
that 'white' scratches .will have .-(in an 8 bit 
gwantiaation) values above a. maximum thres^loV This 
• threshold can be varied, but typically will be value 
345. Similarly, 'felaefc' geratohes will be below a 
variable minimum threshold, -TJhis threshold .will 
typically be IQ.'-Thiis f i*st;iy,> the; user determines tna . 
m a4> of material tJiat he' wishes -to : eoralsPh eorraet. sroro 
positive or negative, which then chooses whioh threshold 
is used t ov scratch detection. 

Scratches usually will contain- continuous 
' positional " information, 'Thus a scratched pixel i* highly 
- -likely to bave. another scratched- pixel next t© it,. A two 
.'etage identification £ or jBcratsh.es is -therefore 
provided, ic ia possible to.loofc at the neighbours pC 
che -manually identified scratch position, and. apply the 
tj»r*ehold, and decide whether they are scratched or not. 
rp hs adratehed pixels are stored- "as -a. list of (x,y) co- 

-.ordinatee. 

- ip an alternative aflfepdiment, scratches are 
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identified without n»m*al intervention,. .This .is because 
it is possible to tftpetJaold the «ftw im«9« with the 
tfereahoia: valuea, and identify all the potentially 
scratched, pixels i!iaga- .^y'.8uch pixels; whose 

neighbours ale*' have- ;*. value' beyond the. threshold will 
be identified as part. «*- * -sora^h. -*hi" automatic 
detection mod* can > stand alone"-' or as an 

addition to the manual scratch identification system- 

In a £ urther extension tp tha above (which 
describes the ease of roonochjoma jnaXe'rial) it is 
possible to detest .«cP»feoha f in coloured material. Thia 
' material will have 1:h*ee ::«*n»Vei«n leye**.. _ all of 

theee laws -can be Scratched* , Therefore, after 
choosing tha material :(p©aitiye or negative) each of the 
pixels is tested independently for 'aerates* 
tnreeholding in Red. Green, and Blue, it ia Feasible to 
choose dif ferent thresholds in eech. colour- if deeded-, 
in tha 'colour' case lists of >(x,y) andf esses of 
sprAtched pixels ^/each -OC'QJe Tftd, gire.en, .and blue - 

images *re obtained- 

- to correct tha detected .pixels corre spending to the 
Watches on the film, lateral' intferpolac ion- ie' need- 
This works- well, as the scratch direction; as explained 
earlier ia prBdeminantly- lensit.udj.nai: Note that in the 
colour system, it i* necessary to' irepaix' each layer 
- independently/- by interpolating/ tor scratched blue 
pixels in the blue layer, £p* watched red pixel a in. 
the red layer, and similarly for -the creen layer. 

The interpolated values for replacing scratched 
pixels are' obtained using the following -equation where » 
is the width of a scratch, j-h a.number ofi pixels, p„ is 
the nth pixel, in the. scxatch, Pi ia the Pixel immediately 
to the left of the' scratch and ' py ie the. pixel 
immediately to the right- of the scratoh; 


p„ . ui-n)/N) x Pi + (n/W) x p r 
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-mo^ co^le* i^arpol«io^^uch « those 
d«c*ibed in ehapter w.i; at pa*** W ^"V* bv 
-Digital ft*** Proaea.ing". toy W * Pratt , published by 
«il.y -Il»fr B oieno»| JSB« fl-471ral«n-0 can fee ueed. 
" - ' x» an inqprovepwht to . the embodiment d.eorabad 
above?, m in Figured ** ^^.f°f . 

pUl. a/n«*»Ai ***** ^**^< ox ,0 pixel* ~ 
^definition)* W*^^** ****** IZ?* J V M 
^duce ^ticeable defects, -t&U* ^ d ' f * Ct * 

. to prod*** 1— ******* : ; *M*».v « it >• deeded 

then the" two portions of .tif» *W .-(the «»tf- ^ther 

of m icrawni. pre. ^. ^Wy ^L" 0 
« to -iwppojUwaMiy halve. the xemalnlng scratch width. 
Thus iff t*. strata* is." pixels wide, the left hand 
p ^ t of the- picture ie- *bv*d 3 Pixela to -the right -and 
the right hand halt o£ ^ .picture la tnovei T pixels to 
the X«5t. *»* aplu*n (3 pi*ele. wide) the; for loft of 
tWW then ^-»o f^^^^ ^. 

so ie filled with <WanKl»sr' -V*l»** C*y»w«»Y °> < 
correspondingly with the.colwsn on the ri£t*oo* ^ 
eC the picture. Thue the. pioturs wxdfch .'ebrinfce 
slightly where wfce^ reffloved,- but thia la not 

easily Uoo^^ it 
theplcture^.* pi-M ^.j* if it 

were * eonventionel '.ofe**, >.^a«^.o«ri^. 
" ln a further **»•• 8CW(;h ifl Uflfl . tba * 

the threshold, it W .bp de*i***« *o add «^ to 

^interpolated nev pixels. Jt U 

nbiee from the actual lateral -picture -line, that P 1»-Xp 
to '-fa-, replaced located, in • . T»W» * » *ooio» °* , 
«* BO *outiv.* pl»W> typically W pi*ela -long, thar has 
*a*imu* amplitude arpund . a mean ^typically ♦ o? - 5 
pixels is taken Sroro the lateral amplitude * 

stored a* a noiae signal «u=h that: che first value of 
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phe noise buff ei: is read- to add (or subtract} to the 
first interpolated, value, in $he veoraieh- region and so 
on. Because" tbif procedure. is caroled out ..on -a Unr by 
line Jaaeie, there is no "structured "noise visible, as 
t^ere would be if the noise w«*S only calculated- from 
one line. 

There may however be a case wbara » 0 region is 
found along a Uts»3> line which meets ^ Ijfaav criteria 1+ 

• - -5- pixels varis**o**K i»'.t*at<W*« n*i*e can be 
generated from a mathematical model of a Random noise 
generator scaled to. a uaer . defined range. > Programming 
languages such as FORTBNS of fey the faeUity to generate 
scaled ra^t^- numbers , and many computer operating 
systems provide subroutines for doing this. - 

. a^ESr-natively;, mathematical. routines such ae 
Starting with a defined 8 hit number and squaring it, 
which will result in a le/blt number, and extracting" the - 
middie sight digits from the. IS will result in a random 
sequence. Saving generated the number, and scaled it by 
« multiplier typically of 4 r these values can be added 
and subtracted to ^ha . interpolated' pixels > -St is also 
sometimes desirable; to add tbM noise -either aide of the 
join of pixels in. the image shifting case atoove,. 

A further implement ation of the . above -involves 
dynamic scratch detection, Because of the nature of 
motion picture film, the scratches are vertical relative 
to the film, frames or nearly vertical. Thus if a 
soratch ie indicated by an operator starting in column se 
of a film frame, there i» a high probability of finding 
' the scratch in Wwiwb* film frame alao on "column x. 
This is shown in Figure 2. It 'ie'hetter to look -in 
- column x plus or minus a threshold, typically S columns 
either way. This allows for scratches to be- nearly 
vertical, as opposed to vertical, This detection method 
from trama to frame allows better detection between real 
scratches and vertical, .picture/information, auch as 
' doorway's etc -it- is' .-found preferable' to -.alternate- search 
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directions for una scratch from frame co frame, 
axaospie, :x ( '.x + l x-2, *t*, whey Wan x. 

»i, «t*. w». ^ r 1 ' *" a - ; 3e " 3 ' , v -„ AaBMMA 

^o- Wa wider ampliations, in *h*. f ield^ of ; treeing 
spying oM«ct«. .in poet 'production it ie desirable to 
create masks. THe*e weeks •» »ww»Uy ttM 
4WW in which it is deea/red to ehang * the or . 

appeerence attributes differently to those for other 
nartfi of -the- scene, . " Thes* mask* o*a b* defined- by 
various methods, either, by feheVuser drawiag; the meek on 
• a 'iw screen- display^ * aigtta* i**s* *Y- 
iaentifieation as an. as. described ia'PK. patent 

application tfo- 2317298 A, and the creation of a mas* 
thereof . These mastfs are often *af arred to as 
.mu*»*««j • « 'U desirable to be able to track these 
ebeae« : *«« » ^ ame " W -WW". *» ia S* 1 ** 6 Wy 

be' drawn on: frame 1 around, a football, and it is . 
ne^sesarV'tQ track this football in. the subsequent ao- 

' frames > ' - • - . . . . 

' To track eueh an ebjeot where it moves w.toQtfc the 
directions, the principles described above can 
be applied. - instead. of. looking; fox a. luminance change 
witfe e defined level as for thV earatob* a high eontreet 

'-' could be thee eye of a moving 'p^raen or a mirrer of a 
driving car). *hi» from- the' first frame, in the 

■ eeriee will be cut out - an a *** V**^ 'and savsd 
in a reference frama atore. Thia" reference frame store 
could be either intn* telecine . system, or within the 
P^lour corrector system,, such as., a Pandora Sogle 

Platinum.. . ' 

The same puzile piece Is then looked * or in- the 
frame in earns -position. If the puszle ie not 
- found in the -same position then it . is necessary to draw 
circles around thia position to find txm puzzle . xn 

■ thie oeae it - is important to allow. for a cfcansre in tooth 


luwlnanoe and chWnance «■/ the form of the 

oto 3 ect *a it is poaaibie tnat the btflect may be turning 
around or changing direction- 

Thu Bl the method/la: pu«la.of. Sreme 3-, with 

the parfc of the picture in the »*iM.po».itibn in, frame 3, 
there ie -no match, aefcange ?* lumi***«« *nd . 

sbr i W n«. It jifclMi.W match, -cfc*<*- a new 

position with the original chrominance 
level', X* thera i» 'still no match, allow »• of 
d&cmtoani* luminance,.- and so on. -Further, a new 
watch .vili.alwaya overwrite *h* originally etorad 
reference puzsle. , , 

' A further em>odiment of the invent*©* prides a 
method for reatoring '% &* ft© 4tegradat ion from dirt - 
. which has built up qn tha filiD aurfaco. inevitable 
that old film material, will get dirt particles attached 
to it Whilst there- are many film cleaning techniques, 
they a** »•*•* perfect, and dirt, is alwaya present to 
eome degree or another in old/SUm material. 

. < .- Jt , ia p o„ tw « to, dateer .di*t hecauee; of the f.act 
that J.* will'ne* ha preeent on consecutive ,*llm frames. 
Therefore - initially, the. tweeed. o£ a motion 

picture eequenoe is analysed to. teat for di ? t, Pi*els xn 
L> digital image porxa spending to this film frame are 
identified by comparing the P i*el value wit* the upper 
' fchr^hold White dirt) and lower -threshold {blapk dxrt) . 

Typioally ^e^ threshold* are. 24S and 10 respectively, 
- but can be changed' under operator control, -^he (x,y> 
addresses o£the pi*** that Sail -outside of the range 
between- the upper "ebd threshold* fchen stored 

' m a list. For each of the pixel* cm the --list, the pixel 

- values on the previous, frame {frame i> and *h* Allowing 
frame tframe -sK are compared tP the value in frame 2. 
only i* the pixel ia seen to *e dirt on frame 2, i.e. to 

- be outside of the range- between the upper .wad lower 
thresholds, and not -on framea i and 3; ie the pixel 
identified as actually corresponding to. dirt on the 
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-film- Tbia/ie because ^if; -t&s plxei i« identified ae 
corra^onding to dire in "t^^ on* 
frame* than it is pr^ably, p'ictuj?^ dMtll . 

Having decided, for example > that - tbs " pixel at 
S ^ frame a-, <ddresja tx,yl does correspond to dirt, , it is 
neoeesary to correct it. This is done by tej^poral 
interpolation, Thup the pixel value of rinie frame is 
Trepl&aedw^ oh 
rfrm^t'X and pixel lx;y) <^;fa?sme 3- 

IP '■ in a further i^ravemaiit of niur' dirt removal 

system* it hae been realised that dirt particles are not 
usually pharp, but have grey edges, Thus, as ehown in 
Figure 3, for genuinely detected' pixels corresponding to 
dirt particles cm the.fiim^a neighbouring region of 

15 widtb typically one pi»l' A^u^d: J;lie pixels identified 
.as correiponding -dirt on tlict film ie defined such 
that the 'pixels in this neighbouring region are also 
treated as ' corresponding to dirt pn the film, vhah. 
correcting tbe digital image.* 

aa A third source- of ' degradation in ration pioture 

.film is flicker . 

; Flicker is identified ln,/£be standard maimer . . 
Tberafora, an op^atojr will i^^y.becK a :segueRce of 
digit el itnage© obtained f rdp 'eaenning the frames of 

S5 cinematographic film ana the flicker "will be visible to 
him due to "the variation inflight i^vel of the framss. 
The operator then selects thoee images '(typically 
correaponding fc<* about one in evesry tb^ee or four 
frames! which have a noticeably i«Mer lights 1qv#1 as the 

3Q ijna'gaa requiring flicker correction « 

According tg one enibodiTnent of Che invention,, the 
flicker is corrected, for by segmenting each image into 
chree regione, Firetly, dark picture regions t i-e, 
regions having pixel* with an w^ge value below a 

35 , v*lue of typically 96 i do not exhibit a flicker effect, 
3?hwtef any such dark picture r^ione ere ignored by the 
correction aystem* t&b segmentation of dark picture 


regions is carried out ueing Know* segmentation 
techniques in which, local area; averages o* >** el valu8B 
are obtained. 

-Regions above tha 4**H.,thr«>hel<i **a further - 
segmented into regio** that'ebo* motion ^ - 
consecutive frames, and thoae that are stationary . This 
^n bs' done by temporal t Upholding. If pi*el (x/y) in 
frame t ie compared to- tbo. y*W«* P****- **. 
t+X and t-i, and it ia-very. aiiniiaar'nuTBeriefliXly to the 
valu^ of pixel (x«y) in frame .fen -and t-l the 
difference between'th* -*i*el ,Ya*u*e. is- lass .than about 
34 j than it is considered *er be stationary, . J* it - 
not within a defined threshold, it is doamed to fee- in a 
region of motion. - 

An example of. che assentation of the imagae is 
given, by ooneeeutiva frames snowing, a man in dark 
clothing in vhioh bis hand,ia .itioving ecroea n.ia body. In 
eaa h consecutive frame, the. "4a*b -clothing, willvbe 
identified, aa being" .heiow the da^rthxe.Bhoid and so will 
bo ignored when aorrecting f»r flicker effects, Th« 
man's bead and any light background will have a similar 
valua in each i^age, i.e.. tfci 'value will only vary, by 
the amount caused by the flicker and eo .She eyetem will 
identify these regions as being stationary. In 
contrast, in regime, wher a. the, man's, band, (which i» 
' light) has moved relative to the dark suit, .on a frame by 
frame basis, there, will- be a ptasp change i»- pixel 
values between light • and d»rk, " Thus # . the, region across. 
' which the man's hand iB moving will be identified as a 

region' o* motion. ". 

To correct for the flicker the stationery. parts of 
the picture are. treated differently to motion- parte. FPr 
' stationary parte ClicW frames (or at least the non- 
4wrk parte of flicfcar Sramas) are replaced by an 
interpolated value bafcwean frame t-l, and. t+1- Far motion 
parts this is not passible as the picture would -smear if 
^hie were dona. The' pixal values, for the** regions are 


therefore xesnalad according' *Q the fiol3.owi;ng. formula 

Pixel out (Pixel in-Park Threshold) + -n«Jt 

threshold 

Where the dark threshold. witt \*yjjieal*Y he "value _»« 
_ diaciasasd above. 

The constant 15 fmwr.tfca ebove' is. action- is determined 
10 from the equation: 

' whera B 9 i» the avwaga: hEiato«#9 of an ; gfr|eet in the 
is " image in which no flicker ,1* visifele and, the 

average brightness of- the pbject in an- image a*hibitinsr 
• flicker, - 

It will he appreciated that. the embodiments described. 
30 ajppve relate to prefarrad enfeodimewa only. ..of the 

- invention and do not. in- any way limit the *e*pa ot thm 
. invention as d>soritoed . ah©ve ; 
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What la olaimed i««- . '. ' 


i- ' A method ol ■ f efennia* . #*am*r «* . «inan»tpgraphic film. . 
t ; ™*ratc digital yiri««« • *^**«r*W im*ga* " 

on film 

M.otp-«x th* film: are i**»lIUd and the vjlujr o* 

the 4d«*if ication «?* ; *h*.pi**l« cm^f ^ t» 
def ae*e dn «. film- be*?* :f* ' 

.pix^s ^* value ^.^^ f ;^tM*l^d t^eshald, . 

V' V *meT;hQd a* 4**Wd.^ • . 

preSetasminad threshold is W at * *a*i»wn wh*ch 
oloaa to pure, vhitti, a*4 value . is higher 

thW the Tnaximum value ate. identitied . 

3,' V*«»«l9*-a^ • .. . 

is cLa' to pure black v»i*.-i. lower 

th*h th» winiwu* value are identified, 

4.. * method- aa in alt** V W which P i**ls 

which are generally aHgnad.with- an identified F i*el in 
' : fe ha direction a£ -£il* t^hmpe^- a** eonpared to * 
predefined th^ahpld and,- M at.lawt *ome •* the 
said pi*ele have a value hey^d-th* . 
threehold, a defeat correapowtai a aeratch nt 

ifl MntiCM-'M tolwttns the ^era-lly aligned 
pi,**!* having a value beyemd the predetermined 
• thr-eehead. - 

s A wstbod as ciiiwad claim i, i» which a pixel is 
ti, p****di»g and/** auh.aqu.nft frames corresponding "to. 
an identified *i*al f ****** to *he predetermined 
*h*e*hold value ««. if tha pl^l does net have * value 
heyohd the predetermined threshold value in 
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identified ee aorran>«***»S to *• dirt dm**** wi the 

film.' 

6 . A method as claimed inclai* ii in Mrhioh the value 
oj' as- identified ,pi*el i» co**»red to the -value of the 
oor*won4ins pl^^ttaVji^;^ 
frames and. i£ the difference between the" value ©f the 
jUientif ied *i*»l and the value of - the cprreeponnins 
pi*el in the preceding and/or eubaeo^pnt frame ie 
greater than a predetermined threshold, the identified 
pixel if identified a» correeponding to a dirt defect on 
the .film. 

.7 '* method of icanning £r'»m*s ©f. cinematogrohic film 
tp generate digital values of pixels Goneti.cutlng images 
on the film frame*, wherein .a pixel corresponding to a 
past of a eeratc& on the film if identified and the 
remaining pi*ele corresponding .te *he ecratoh in that 
frawe are then identified toy. comparing each of the 
P i*el» located in a -column generally, aligned with the 
identified pi*al and extending in -the direction of (U. 
transport to a predetermined threshold value and 
identifyins those pixelis. having a value extending beyond. 
tt» predetermined, threshold value as const ituting the 
remaining pixels. 

a. a method as claimed in claim 7, wherein- pixele 
corresponding to the scratch in. subsequent frames of -the 
film are identified by comparing each of the pixel* in 
the column to a predetermined threshold value and 
identifying those pixels having a value extending beyond 
She predetermined threehold value' as constituting the 
, pissele - corresponding-' bo -the - aerateh . 

9 A method ae claimed in claim i, wherein the value* 
of the identified pixels are replaced by value* from 
.piKela adjacent the defect. 
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ia. a .macho* a* alalia** *iv claim- 1, wherein when the / 
detect ooryeapopdft W» W***^/^** 1 filinr the vsiuea 
of'tha identified pixels are : replaced Rvalue a obtained 
by interpolation along- the' iataral lino of the', image in 
which thtf pixel to feerapjaced ia" located. 

A method c*»imad An claim' 1, wbaqr»iii, whaix tha 
itefeet owaaponda -tP dir* on; the the" values .o* 

tho identified pWl»>»** replaced, by valtwia obtained 
fr(^ ^ie values of - the pixela ecmsponding to the. 
identified pixale ii^thfc FsecaSinsr' *»*7o> eufeasguant 
frames . . / . , 

■ ia; h method as claimed in/ claim 1, wherein "when the 
defect corresponds "to dirt on the film, pixels 
surrounding the- one. or "more i'd*nt;il6i»d pi?ceU Whi?h 
represent a blurred- edge • ni the /defect are -identified 
and" compensated Sor although the value pf .'these- pixels 
ia pot peyond the predetermined, threshold. 

13. h method as claim** in. claim 'i, wherein When the 
defect corresponds to a -acrat'ek 'on - the film/; if the 
width of the scratch exceeds a .predetermined number of 
pixels, Vt least c*ia column of piasals Crom. within the 
" scratch defect if> removed, image pixel*" outside the 
scratch defect are -moved in to compensate for the 
removed pixels, and the remaining pixels within the 
scratch defect arc corrected by using values 
interpolated from.pixele on.cithcr- fche scratch- 

14 • A method o£ scanning . frames of cinematographic film 
to generate digital values . of pixels constituting images 
on cbe £ii m Faroes, in which pixels corresponding to a 
scratch oaf act on a film -frame are identified and tha 
values of auch pixels are . adjust ad to compensate for the 
/defect, wherein-iC the width, o* the , -scratch exceeds a 
. predetermined number of pixels* .at least one column o£ 
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pixels from within thfc scratch defect ,1s removed, image 
pixels outside the scratch defect ere moved in to 
compensate Cor the removed pixels : and the remaining 
pixels within the scratch defect aire caressed by using 
s values interpolated frpm pi^la «ith«r iide of the 
' scratch. 

IS f A uietbod of correcting f pr -flicker in digital 
images obtained by scanning' -frames of cinematographic 
ID fllTn, comprising the^ steps of : " identifying frames in 

which flicfcer ie present i identifying relatively bright 
regions in thpsc fa? ernes vhose .ter.ighineee .4s above a 
predetermined levels \on£ ; pprceeting digital' 1 pigel a in 
- those relatively bright regions -so ae to compensate for 
15 t ha effect of flicker, - 

is.. A method as claimed in claim 15/ wberpin the 
relatively bright regions of ;»;_£ satire in w&ich flicker is 
. / present sre separated into those containing objects 
30 which are stationary as regards a sequence of. frames, 
and those vhicb move during the sequence of frames ♦ 

17 v A method as claimed in claim ie, herein th£ values 
of pixels in region* representing -a stationary object 
■ £5 arft replaced by values, pbtaina£"by interpolation between 
the .^osreaponding pixel s in .the previous and subsequent 
frame. 

is* A method as claimed in claim 16/ wherein the pixeia 
3d in regions representing a moving object are repealed 
using a constant derived from the ratio of the average 
brightness of the .moving object in the 'images -ift which 
• ei taker is not present to -those in w&ich flicker is 
present. 

35 

IS, A method as claimed in claim 17, wherein the pixels 
in regions representing a moving abject ere repealed 


using a oonatai* ,4aHv»4 >*^ : ;»^- average 
jarigbtnaii' ot th* rowing p^eit .-ili- the >mag*a in, which 
'fiUefcir'ia not pra««»t to-fchw in Whlah tlickasr *• 
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A method of aoantof, o4*«»t©fr»p&ie. film 

' fl - '■.-v.-'tP "^Seara'to digital valiiae of piWela .goastitvfcing, image* 
on. fcWr.iim framaa .i« provided jtn which pix&le 
cotreeponding to d^eota on *ha tilw are identified and 
th«? value* of aucb pixele- are a.djuat*d "t© .aompensate for 
the defacts. the identification ©£ the pikeia , 
10 corresponding to daf acts oi;- tW . film being carried out 

by identifying; -pixis^ vlpsii^ v*J.^«. ia, beyond, a. . 
--^ : ,-' • ''■ 

A method of 'correct iri£' for flicker in digital 
image* obtain* d lay scanning cinematographic fllw is also 
IS provided. This rcsthod c^rieae the steps of 
identifying tramee in which flicker ie prelaw;; 
identifying relatively -bright re^ione in 'Cbose' frames 
. ■;j^SjjBpe^ brightnea* . ie-. e>«Va->/P^^ls**roi»«4 , and 
■ . qor-re'^t ihg digital pixels " £n thosa rrelativa&y . bright 
SO regions »o -aa to qompanaate for the effect p£ flicker. 
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